In this study, some physical and mechanical performances of articial aggregated lightweight concretes were compared. Special empirical models were developed to estimate the elasticity modulus of lightweight aggregate concrete (LWAC). Five dierent natural aggregates and one articial lightweight aggregate material were used throughout the research. Mixture proportions were kept as constant values in all concrete mixtures. All mixtures were cast into cubic, prismatic and cylindrical concrete standard moulds and they were cured at the same curing conditions. A series of physical and mechanical properties, such as density, compressive strength and elasticity modulus for LWAC were experimentally determined. According to the research ndings a few empirical models were statistically developed for estimating the elasticity modulus and Poisson's ratio of LWAC and a new diagram practically to be used for estimating the Poisson's ratio of LWAC was also proposed.
Introduction
Lightweight aggregate concretes (LWAC) are known as very attracting concretes because of their good sound and heat insulation properties, reducing the dead load of a structure, well re resistance and having high freezethawing resistance. As to conventional concretes, their densities are very low. Therefore the use of LWAC could supply important reduction in cross sectional areas for the structural elements in a structure and could improve using the open spaces and apertures [1] . Furthermore, the use of LWAC due to superior insulation properties are becoming widespread day by day to produce walls, ooring and roong constructions, panel and pre-cast units. To reach the high compressive strength for LWAC, the water/cement ratio of mixtures must be selected as a very low value. In other words, as comparing with same strength of normal weight conventional concretes, cement dosage of structural LWAC is higher than the conventional concretes. For this reason, elasticity modulus of LWAC is lower than the conventional concretes and Poisson's ratio is relatively higher. The eect of aggregate properties on LWAC characteristics has been investigated by dierent researchers [25] . Yang & Huang stated the eectiveness of aggregate volume and its properties on the compressive strength of concretes [6] . Teychenne and at all investigated the relationship between the elasticity modulus and aggregate properties in normal weight concretes. They showed that aggregate properties are very important fact on elasticity modulus of even normal weight concrete. They also proposed a classication * corresponding author; e-mail: davrazm@gmail.com system having dierent three groups to estimate elasticity modulus of concretes [7] . CEB/FIB also suggested an estimation formula for elasticity modulus in relation for only compressive strength of concretes [8] . In this paper, the physical properties of ve natural LWA types obtained from dierent quarries in Turkey and one articial LWA were analyzed. As to aggregate type, densities, uniaxial compressive strength, exural strength, static elasticity modulus and Poisson's ratio for LWAC were experimentally analyzed.
Experimental work

Properties of cement and aggregate
Ordinary Portland cement CEM I 42.5R was used throughout the research in concrete mixtures as a binding material. In control concrete samples, crushed limestone aggregate (CLA) obtained from the aggregate quarry of Isparta Municipality was used as concrete aggregates. Basically six dierent aggregate types were used in this study to make the LWAC mixtures with cement. These are Isparta Karakaya pumice (IKP), Isparta Gelincik pumice (IGP), Kayseri pumice (KP), Nev³ehir pumice (NP), Kula volcanic slag (KVS) as natural LWA and expanded clay aggregate (ECA) as articial LWA respectively. All aggregates were screened through a square ne sieve and classied into two dierent size fractions of 0/4 mm and 4/8 mm. Properties of aggregates used in this research were given in Table I chanical properties of concrete samples made by normal aggregate and LWA having two dierent granulometric designs. The mixture proportions were given in Table II. Before preparing the concrete mixtures, LWA were tried to be having saturated-dry surface with adding water in rate of their 24 hours water absorptions by weight. Twelve cube samples in 150 mm size were cast for each mixture to analyze the uniaxial compressive strength and three prismatic concrete samples in 100 × 100 × 350 mm size were also cast for determining the exural strength of concrete. In addition, three cylindrical samples in 150 × 300 mm size were also prepared for determining static elasticity modulus and Poisson's ratio of each concrete group. In all mixture proportions, water/cement (w/c) ratio of 0/4, cement dosage of 400 kg/m 3 , 68.45% of aggregate content by volume and 2% air content were kept as constant values. Superplasticizer based on polycarboxylic ether was also added as an amount of 2% of cement weight to reduce water content of concrete mixtures. Concrete samples were extracted after 24 hours from the moulds and they were kept in thermostatic curing water tanks until the testing time.
Mechanical testing applied
Oven dry bulk density of concrete samples with normal and LWA was determined according to the principals of TS EN 12390-7 standard [11] . The uniaxial compressive strength tests were carried out at 3, 7 and 28 days curing time on 150 mm cube samples in accordance with TS EN 12390-3 standard [12] . The exural strength tests were also carried out only at 28 days curing time on 100x100x350 mm prismatic samples in accordance with TS EN 12390-5 standard [13] .
Static elasticity modulus and Poisson's ratio of 150 × 300 mm in size of concrete samples cured at 28 days were determined according to the principles of TS 3502 standard [14] . This correlation was calculated with the Eq. 1, Eq. 2, Eq. 3 and Eq. 4. The lateral deformations (ε y1 and ε y2 ) in equivalent to the initial and boundary strengths were calculated with the relation in Eq. 4. These deformations were also processed in abscissa of graphical presentation and the strengths were processed in ordinates of the graphic. The slope of line in tangent with the curve obtained was evaluated as (secant) Poisson's Ratio. The change of hardened LWAC density in equivalence the mixture proportions of control concrete was given in Fig. 3 . The density of concrete samples prepared with Nev³ehir and Kayseri pumice aggregates is about to 50% of the control concrete in both groups.
Uniaxial compressive strength
The uniaxial compressive strength values based on curing time for the control and LWAC samples were given in Fig. 2 . As evaluating the average σ LW C /σ cont ratio at 28 days of curing, this ratio is about to 44% of rst group of samples and it was also observed that this ratio increases up to 59% for the second group. This state, especially development of strength increase against to normal concrete, represents that the granulometric designs of the second group of LWAC are more suitable to concrete mixture proportions. In addition, characteristic compressive strength values of lightweight concrete samples at 28 days curing time were interpreted in accordance with TS EN 206-1 standard [15] . The basic research evaluation is as follows:
- The exural strength values at 28 days of curing time for the control and LWAC samples were given as a graphical representation in Fig. 3 . Although the exural strength value of LWAC samples is up to 56% of exural strengths for the control concrete samples in taking part of the same granulometric design.
Static elasticity modulus and poisson's ratio
Static elasticity modulus and Poisson's ratio of control and lightweight concrete samples at 28 days of curing time were given in Table III. The elasticity modulus of LWAC was ranged between 2.29 to 4.45 GPa. The results obtained from this research show a harmony for the values notifying the Gunduz and Ugur's research [16] . As comparing the elasticity modulus of control and LWAC values, E LW C /E cont ratio was a range of 1/10 to 1/5 for the concrete samples. Balendran indicated an approach for comparing the elasticity modulus between the LWAC samples made by expanded clay aggregates and normal sand and limestone aggregated normal concrete mixtures in his research. According to this research, it was stated that elasticity modulus of LWAC is ranged up to 55% to 70% of normal concrete's one [4] . Representing the higher values for E LW C /E cont ratio based on Balendran's work is to be leaned by using normal sand as ne aggregates. The strength and deformation characteristics of control and LWAC samples were given in Fig. 4 . As evaluating the research results, it was observed that σ LW C-max /σ contr-max ratio is 40% to be an average value. Against this strength ratio, ε LW C /ε cont ratio in axial deformations is an average of 2.7. This ratio is also around the average value of 4.4 for lateral deformations. In order to estimate the static elasticity modulus of LWAC samples, a statistical non-parametric regression was developed in this work based on concrete strength and density values. The regression model developed was illustrated in Eq. 5. In order to estimate the static Poisson's ratio of LWAC samples, a statistical non-parametric regression was also developed based on concrete strength and density values. The regression model developed was given in Eq. 6.
Where; E s : Static elasticity modulus of LWAC at 28 days of curing time, (GPa), f ck : Characteristic compressive strength of LWAC at 28 days of curing time, (MPa), D: Density of LWAC, (kg/m3), v: Static Poisson's ratio of LWAC at 28 days of curing time.
In addition to Eq. 5 and Eq. 6, a diagram was also developed as practical applications to determine the Poisson's ratio based on knowing at least one of physical and mechanical properties for LWAC. This diagram was given in Fig. 5 and it can be used as a template. This diagram could be used for only the following conditions; -Compressive strength of LWAC is at most LC25 and the lower strengths, -Density class must be as 1.2 ≤D≤ 1.8, -Static elasticity modulus must be of ≤14 GPa, -Concrete mixture must not contain any gravel aggregate, sand, mineral additive and bre, -Maximum size fraction of LWA must be ≤8 mm and cement need to be (Portland) CEM I 42.5 R type. 
Conclusions
According to research ndings, the following conclusions were given as summary; -LWAC samples made by Nev³ehir and Kayseri pumice aggregates show the lowest concrete densities for both two dierent granulometric designs. Density of these LWAC samples is approximately 50% of the control concrete's density. LWAC having highest densities are belongs to the second group of granulometric design with Kula volcanic slug aggregates. Density of these LWAC samples is up to 75% of the control concrete's density.
-LWAC samples made by natural LWA display to similar mechanical properties. However, a clear improvement for the mechanical performance of the second group of concrete samples was experienced against to the rst group of concrete samples.
-The best mechanical properties of LWAC were obtained on the concrete made with using expanded clay aggregates of the second group. These samples show 75% of compressive strength, 134% of exural strength and 40% secant elasticity modulus of control concrete. According to the control concrete, the nearest Poisson's ratio value was determined at the concretes which produced from expanded clay aggregates (ν s = 0.211) and Nevsehir pumice aggregates (ν s = 0.203), among LWAC samples.
-Axial deformations at a maximum strength of the rst group LWAC samples showed three times of the control concrete's.
On the other hand, this state was observed two times lesser than the second group of the LWAC. Similar subject was also observed in question for lateral deformations. Lateral deformations at a maximum strength of the rst group LWAC samples showed four times than the control concrete's. This reduction is 2.3 times of the second group of the LWAC. It is relatively concluded that the second group of LWAC granulometric design indicates an elasto-plastic mechanical characteristic. On the other hand, rst group of LWAC granulometric design also indicates as elastic behavior.
-On behalf of the research ndings, two empirical models to estimate the static elasticity modulus and Poisson's ratio of LWAC were proposed. In addition, a diagram for practically estimating the Poisson's ratio of LWAC was also developed as a template.
